A touch-based dual-band system (TBDB), in which human body communication (HBC) and wireless local area network (WLAN) are combined to provide an intuitive service, is proposed. The proposed system can connect the network between devices using HBC, and the data is transmitted via WLAN. The network setup is configured within 100 ms through HBC by simply touching the devices to be connected. Subsequently, data is transmitted at high-speed through the WLAN at a data rate of 54 Mbps. Security is advantageous as HBC technology transmits data through physical contact. The TBDB system can provide a system suitable for wearable devices by combining the advantages of HBC with intuitive service and WLAN at a high transfer rate. A transparent electrode that is adaptable to various display panels is used instead of a metal electrode. The proposed TBDB system using the transparent electrode demonstrates a reliable and intuitive video streaming service between a server and a client, simply by touching the devices. The proposed system can be used between most electronic devices, such as smartphones, tablet PCs, and TVs, owing to the intuitive network connection by touch.
been proposed to overcome these disadvantages [6] . HBC technology provides an intuitive and simple interface for communication using the human body as a medium for communication [7, 8] . This technology uses the human body as a transmission channel to transmit data between devices and allows for users to choose an intuitive service, rather than deal with the complexity of searching for and selecting each peripheral device. Moreover, as advanced via security studies on various communication methods have been applied [9] , HBC has gained the advantage of improved security, owing to physical contact between the human body and the device [7] . HBC can be used to establish a network connecting mobile devices and printers using multimedia applications [10] [11] [12] and it is standardized to IEEE 802.15.6 [13] . Recently, wireless communication and HBC have been enhanced to increase data rates [14] [15] [16] and to reduce power consumption [17, 18] . Despite continuous efforts to improve the data transmission rate of HBC, the data transmission rate remains low when compared to that of other wireless communication technologies. Continuous contact with the devices is necessary for transmitting high-capacity multimedia data using HBC. These requirements limit the behavior of users and they prevent HBC from being used in some applications. Additionally, an algorithm is needed in the case of loss of contact during data transmission. In this paper, a touch-based dual-band (TBDB) application system, combined with WLAN, is proposed to overcome the disadvantages of HBC technology. The proposed technology adds high data rates and mobility during data transmission to the existing HBC technology. Figure 1 shows the configuration of the TBDB application system. In this paper, a dual-band application system is proposed, which combines HBC for touch-based networking with a data transmission system using wireless-fidelity (Wi-Fi) Direct and then introduces the system configuration and a service scenario [5] . 
Network Protocol of Dual-Band Application System

Touch-Based Dual-Band Communication
The proposed technology combines the advantages of HBC with those of wireless communication technologies. Short-range wireless technologies (such as RFID, NFC, and HBC) can quickly transmit data by being on contact with devices at a fraction of the distance, or by placing devices where the transmission distance is less than 1 m and the network is constructed for 1 s [1, 2] . In particular, HBC technology allows for users to transmit data via direct contact with the user's body, enabling more intuitive connections. Due to these advantages, touch-based communication technologies are applicable to various types of portable devices, such as smartphones, tablet PCs, laptops, and PDAs. However, these communication technologies place limits on devices and users 
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The proposed technology combines the advantages of HBC with those of wireless communication technologies. Short-range wireless technologies (such as RFID, NFC, and HBC) can quickly transmit data by being on contact with devices at a fraction of the distance, or by placing devices where the transmission distance is less than 1 m and the network is constructed for 1 s [1, 2] . In particular, HBC technology allows for users to transmit data via direct contact with the user's body, enabling more intuitive connections. Due to these advantages, touch-based communication technologies are applicable to various types of portable devices, such as smartphones, tablet PCs, laptops, and PDAs. However, these communication technologies place limits on devices and users during data transfers, because the service area is less than 1 m. Even HBC, with a high transmission rate of 10 Mbps, is often required to transmit high-capacity data, and the user must continuously connect with the two devices [7] . On the other hand, wireless communication technologies, such as Wi-Fi, worldwide interoperability for microwave access (WiMAX), and ultra-wideband (UWB), have the ability to transmit large amounts of data at a rate of 50 Mbps or more and have the advantage of providing service coverage areas of approximately 10 m [5] . Figure 2 shows services coverage area of TBDB system. Consequently, wireless communication technologies are applied to many portable devices.
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Physical Signaling
Many research groups have studied HBC technology. The HBC design that was proposed by Zimmerman at MIT has a 33 kHz operating frequency and a 2400 bps data rate [6] . Frequency selective digital transmission (FSDT) was proposed to transmit data with less power without frequency modulation. A modem and analog front-end (AFE), with a data rate of 2 Mbps, was developed using frequency selective spread code [19] . In the TBDB application system, HBC using the FSDT method is used. Table 1 lists the specifications of the HBC module. A prototype board for the TBDB application system is assembled; it is composed of a field programmable gate array (FPGA) board that implements the FSDT method, a processor interface program for connecting the FPGA board, an AFE, and an AFE receiver. The prototype board is designed with a universal serial bus (USB) as the host interface. The size of the prototype board is 30 × 70 mm and the board is powered by a 5 V supply via USB. The 5 V power via USB is converted to 3.3 V, which is supplied to the prototype board. 
Many research groups have studied HBC technology. The HBC design that was proposed by Zimmerman at MIT has a 33 kHz operating frequency and a 2400 bps data rate [6] . Frequency selective digital transmission (FSDT) was proposed to transmit data with less power without frequency modulation. A modem and analog front-end (AFE), with a data rate of 2 Mbps, was developed using frequency selective spread code [19] . In the TBDB application system, HBC using the FSDT method is used. Table 1 lists the specifications of the HBC module. A prototype board for the TBDB application system is assembled; it is composed of a field programmable gate array (FPGA) board that implements the FSDT method, a processor interface program for connecting the FPGA board, an AFE, and an AFE receiver. The prototype board is designed with a universal serial bus (USB) as the host interface. The size of the prototype board is 30 × 70 mm and the board is powered by a 5 V supply via USB. The 5 V power via USB is converted to 3.3 V, which is supplied to the prototype board. Figure 3 shows the metal electrode HBC module and the transparent electrode HBC module. With the growing popularity of smartphones, input devices are being replaced by touch screens. A metal electrode HBC module using a touch screen interface is limited to a smartphone and tablet PC applications, for which these components are very important during the design phase. On the other hand, transparent electrodes are easy to apply to touch screens and to combine with display devices while using various types of electrodes. Further, the transparent electrode module with a size of 22 × 48 mm is larger than the metal electrode module with a diameter of 15 mm. Table 2 lists the specifications of the transparent electrode of the HBC modules. In the results of the study by Chiba in 2004, the level of the received signal was directly proportional to the size of the transmission electrode [20] . The received signal level is increased without increasing the transmitting signal power, as the application of the conductive transparent electrode allows the use of a transmission electrode having the same size as the display, thereby improving the rate of communication and enabling more reliable communication.
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Nework Setup
HBC uses time-division duplexing (TDD) of a half-duplex communication channel to form the network for a dual-band application system. Although there are various types of data communication systems using the half-duplex communication method, the dual-band application system uses the Master/Slave method. Figure 4 shows the state diagram of the network setup. If contact is detected in the HBC module for network formation, then the data is transmitted to the Initial state from the Sleep state, and the data is transmitted to the acquisition (ACQ) state to confirm the setup of the master/slave device after initialization of the device. Beacon signals from other HBC modules are detected for 100 ms while in the ACQ state. If the beacon signal is detected, it goes to the Scan state and sets up the Slave state. If the signal is not detected for 100 ms, then it switches to the Master state. If the HBC module is set to Slave only, then the beacon signal will not be detected, and the HBC module will be moved to the Sleep state.
The protocols are defined for network formation using HBC. For this purpose, Context Info is defined as four-byte data that contains the device information. The HBC uses Time-division half duplexing. The frame length is 10 ms and the sub-frame ratio of the Master and the Slave for connecting network is 5:5. The sub-framework for data transfer consists of Lock Time, Preamble, Beacon, Header, and Data, and this framework length is under 5 ms. 
The protocols are defined for network formation using HBC. For this purpose, Context Info is defined as four-byte data that contains the device information. The HBC uses Time-division half duplexing. The frame length is 10 ms and the sub-frame ratio of the Master and the Slave for connecting network is 5:5. The sub-framework for data transfer consists of Lock Time, Preamble, Beacon, Header, and Data, and this framework length is under 5 ms. When an external Master touches the Slave to which the network is connected, the external Master and Slave are in the ACQ state to receive the beacon. However, the network connection fails, because the Sync_Context Ack MSG for the existing Sync_Context MSG does not match the new Master. If the existing network is not disconnected, the new network cannot be connected. 
Data Transfer
When the network is established for data transfer using HBC, the HBC transmitter and receiver modules will be set to the Master and Slave, respectively. Subsequently, multimedia devices will be set to the Server and Client, respectively. At this point, the Master acts as the access point for the network connection and the method connecting the Slave device to the Master device is used. The Server then transfers the user Content, and both the master and the client can act as both Servers and Clients. The dual-band application system uses wireless communication between the Server provides user Contents and the client to use the Contents. In this study, Wi-Fi Direct is used to form the data transfer channel, as it is the most common and fastest wireless communication technology that is currently available. The Server for data transfer acts as a Wi-Fi Direct Server by activating Wi-Fi Direct on all of the devices. Moreover, when the client device receives data for the network connection through HBC, it senses the signal for the Wi-Fi Server from the activation of the Wi-Fi Direct device, and then forms the network between the Wi-Fi Server and Client. After the network is formed, the user is preset in the Master and Slave functions to provide the Contents. Data transmission of devices set to Master and Slave provide service offering Contents to the Client from the Server. Data transmission between the devices is set to Master, and thus the Master can be selected once again in the case of devices between Servers and Clients. If two devices set to the Slave are connected, then one device must be reset to the Master, because it is impossible to connect two 
When the network is established for data transfer using HBC, the HBC transmitter and receiver modules will be set to the Master and Slave, respectively. Subsequently, multimedia devices will be set to the Server and Client, respectively. At this point, the Master acts as the access point for the network connection and the method connecting the Slave device to the Master device is used. The Server then transfers the user Content, and both the master and the client can act as both Servers and Clients. The dual-band application system uses wireless communication between the Server provides user Contents and the client to use the Contents. In this study, Wi-Fi Direct is used to form the data transfer channel, as it is the most common and fastest wireless communication technology that is currently available. The Server for data transfer acts as a Wi-Fi Direct Server by activating Wi-Fi Direct on all of the devices. Moreover, when the client device receives data for the network connection through HBC, it senses the signal for the Wi-Fi Server from the activation of the Wi-Fi Direct device, and then forms the network between the Wi-Fi Server and Client. After the network is formed, the user is preset in the Master and Slave functions to provide the Contents. Data transmission of devices set to Master and Slave provide service offering Contents to the Client from the Server. Data transmission between the devices is set to Master, and thus the Master can be selected once again in the case of devices between Servers and Clients. If two devices set to the Slave are connected, then one device must be reset to the Master, because it is impossible to connect two Slaves to each other and the Server must be turned into a Master. After creating a network, devices form Server and Client states according to the user's choices. At this time, each Host transfers its status to the Server through the HTI_Set_Context MSG. The Server and the Client send the data to the other party through the Sync context MSG and they determine the service through Context Info. Through this process, the user Contents are communicated.
System Configuration
In the system diagram of the TBDB application system, the system consists of HBC modules to form the network, a laptop for the Server, a Client role, and a Wi-Fi Direct system for transmitting the user Contents. The HBC module is a USB dongle-type device with electrodes for transmitting and receiving signals through human contact. The HBC module exhibits intuitive and intentional characteristics through electrodes for human contact. In addition to considering smart devices using a touch screen, the HBC modules are designed with transparent electrodes of 22 × 48 mm in size, as shown in Figure 3 . The metal electrodes, which have the characteristic of reducing signal power, are smaller in size for use with mobile devices. However, the transparent electrode, which is larger than its metal electrode counterpart, is easily used in devices with touch screens; moreover, the signal power of the transparent electrode module can be increased.
Demonstration of Dual-Band Application System
Dual-Band Service
The TBDB application system, using HBC and wireless communications, adds convenience to one's lifestyle. The service areas of existing HBC technology only support the touch area. However, the TBDB service is a system that can expand the service area through HBC by forming a network and connecting other devices, and by employing various communication methods. Through the transmission of Network ID using HBC, this system replaces Bluetooth pairing, and it can provide greater service coverages. The TBDB system facilitates the convenient communication between portable devices by forming a network through simple touch. In particular, it is possible to provide personalized network services by using a smartphone, which is the center of multimedia devices. For example, the user can watch videos on TV from videos that are played on the user's smartphone by touching the electrode on the smartphone. In addition, while watching videos on TV, the user can re-watch the videos on his or her smartphone by re-touching the electrode on the smartphone to disconnect the network. Authentication and network setup information is transmitted by touching devices. Once the network is formed via new devices using HBC, the existing networks can be cut off and connected to new devices based on a point-to-point network.
Service Scenario and Demonstration
A service scenario is proposed for providing the TBDB application system. Figure 6 shows the flow chart of the service scenario. The Servers, such as smartphones, laptops, and tablets are set to Master, while the client device, such as the monitor or TV, is set to Slave. Devices used as a Server can also be used as Client devices. When creating a network between the Server and the Client, the Server device can form the network, set to the Client device. To start the TBDB application system, the user contacts the Server and Client devices. The network is formed by confirming the Server and Client setup of each device. If the setup of the Server and the Client is set to Server, then the network is formed between Server and Client through changing to Client from Server. When the network is formed between the server and the client, the user selects the services after disconnection of the devices. In this paper, the video streaming service is proposed using a TBDB application system. Video streaming services enable playing video clips from the Server on the Client. Videos that are played on the Server play continuously on the Client. After using the video streaming service for a
while, the service is terminated. Alternatively, the user can intentionally terminate the services by touching the HBC modules to disconnect the network between the Server and the Client. Figure 7 shows an illustration of the TBDB application system. 
Discussion and Conclusions
High Freqeucny (HF) RFID, which uses the 13.56 MHz frequency band, is used for tasks, such as tagging goods and the mass transportation of goods [1] . NFC is mainly used for data transmission, such as authentication and payment in mobile devices, such as smartphones [2] . These short-range WLAN are not suitable for transmitting multimedia data, because they are used to transmit a few Kb of data over a short-range. In addition, devices must be very close each other to establish a network between them via the short-range system. Although it can be used for network connection through the lead range extension of the short-range WLAN, an additional authentication procedure is needed to select the network when there are many servers and client devices nearby. As the TBDB system connects the network via HBC, the devices do not need to be physically close to 
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High Freqeucny (HF) RFID, which uses the 13.56 MHz frequency band, is used for tasks, such as tagging goods and the mass transportation of goods [1] . NFC is mainly used for data transmission, such as authentication and payment in mobile devices, such as smartphones [2] . These short-range WLAN are not suitable for transmitting multimedia data, because they are used to transmit a few Kb of data over a short-range. In addition, devices must be very close each other to establish a network between them via the short-range system. Although it can be used for network connection through the lead range extension of the short-range WLAN, an additional authentication procedure is needed to select the network when there are many servers and client devices nearby. As the TBDB system connects the network via HBC, the devices do not need to be physically close to each other. The demonstration in Figure 7 shows the advantage of intuitively selecting the server and client, because the user directly touches the devices to connect to the network. Wi-Fi Direct can transmit a large amount of data at a speed of over 50 Mbps over a distance of 90 m [5] . Wi-Fi Direct searches for devices in the lead range and then connects them through the authentication process. Wi-Fi Direct have a complicated connection process for obtaining connectivity between different types of devices. In addition, wired communication has the disadvantage of requiring compatibility between the device port and the connector. The TBDB application system overcomes these shortcomings by providing a high data rate, large range-of-service, and a wireless communication system that users can activate with an easy and intuitive touch to form the network. The HBC characteristic of intuitiveness and the high data rate of a wireless communication system are very important advantages of mobile devices. We propose service scenarios of the TBDB system and demonstrate that the proposed system is applicable to actual user environments by fabricating a module-type application. Table 3 shows a comparison between TBDB communication and other communication services. The IEEE 802.15.6 BAN standard has adopted the HBC using FSDT and HBC uses the security key in MAC sublayer for security enhancement [13] . The HBC has security advantages, because it has to physically contact to connect network. As the HBC requires physical contact for unintended access from outside, HBC users can visually or directly recognize external access. Wi-Fi has security by using Wi-Fi Protected Setup (WPS) [5] , but it cannot immediately recognize forced external access or Man-in-the-Middle attacks. Therefore, the security is evaluated relatively lower than the human body communication. NFC is relatively more secure than RFID [21] . RFID and NFC technology are highly secure, because they can transmit data at very close distances. Since the recognition of unintended external access is relatively low when compared to physical contact, the security of NFC and RFID is relatively lower than that of HBC. The security of the communication technologies was evaluated based on encryption and the means to physically and structurally cope with attempts to forcefully connect to the network from the outside. The TBDB system provides intuitive and convenient service and a high-speed data communication system through simple touch by combining HBC and wireless communication. This system enables data communication at a transmission speed of 50 Mbps through Wi-Fi Direct by forming a network for data communication within 1 s through intuitive touch while using HBC technology. TBDB can overcome the problems of HBC, which require constant contact maintenance with relatively low transmission speed and the problems of WLAN, which require a complicated authentication process. Through such a system, it is possible to transmit and receive data at high speed through a simple human touch connection between various devices, so that Contents can be easily shared. In the future, we expect that it will be possible to form one or many networks and to provide various communication services by focusing on improving the reception performance of HBC and reducing power consumption. The previous HBC using an FSDT module for establishing a network is relatively large in size for application to mobile and wearable devices, and it consumes a large amount of power. In the future, we will develop a HBC module that is optimized for the TBDB system by reducing the module size and power consumption to apply the TBDB system to mobile devices. In addition, the data transmission characteristic of the human body channel significantly fluctuates depending on the position of the body and the surrounding environment. To improve the data transmission stability of HBC, the signal reception characteristics of receiver module will be improved in the future.
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